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A wide angle image transmissian and prajection sys- 
tern3 in which a single camera is used in cooperation with 
a single projection unit to  provide a w-de angle image on 
a projection screen. The latter is fixedly positioned with 
respect to the projection unit which inclndes optics, Eotat- 
ably controllable, to control the rerative position of the 
projected image on the fixed screen so as to simulate roll, 
pitch and azimuth angle of the projected image with 
respect to a fixed optical axis, with which the center d 
the projection surface is aligned. 

Origin of the invention 
The invention described herein was made in the per- 

formance of work under a NASA contract and h subject 
ta  the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; 42 USC 2457). 

The subject invention relates to means for transmitting 
and projecting an optical image and more particularly to 
wide angle image transmission and projection apparatus 
for use in simulators for aircraft and space flight. 

The satisfactory simulation of views of the earth, as 
viewed from a satellite, is desired for the successful 
training of astronauts and the Eke. Such simulation in- 
volves the projection of an image on a large hemisphcr- 
icaI projection screen, representing a solid view angle of 
about 180". Such projected image may be provided by 
means of a television system or a movie projector. How- 
ever, a television system is ordinarily preferred because 
a pIurality of images of the globaI terrain may be viewed 
in any selected sequence in which they are pIaced before 
the television camera, whereas the images on a movie 
film are necessarily projected in only that sequence in 
which they occur on the firm strip. 

In the past, the projection of a wide angle teleuision 
image has generally been achieved by utilizing a plurality 
of conventional camera tubes in conjunction with a like 
plurality of receiver projection systems, each receives 
system cooperating wifh an associated one. of the camera 
tubes. In such an arrangement, each camera tube scans 
a preselected portion of the field of view being monitored, 
and transmits signars to a mutualTy exclusive one of the 
receivers. Each receiver provides an image to a portion of 
the projection screen corresponding to the fieId of view 
of an associated television. cameras. Hence, the plurality 
of television receivers provide a wide angle, television 
picture that is mosaic of the separate smaller view angles 
provided by the separate receivers. 

Such prior art television arrangement for achieving a 
wide-angle display has several disadvantages. First, such 
an arragement, in requiring a plurality of television miis, 
is undesirable because it is expensive and cumbersome. 
Also, it is difficult to mutualy align the several cameras 
and the several receivers so that there is no d'istortion, 
overlap or gaps between adjacent image portions of the 
mosaic image thus obtained. Further, such cumbersome 
arrangement makes difficult the simulation of relative 
satellite movement. 

By means of the concept of the subject invention, the 
above recited disadvantages of the prior art are overcome, 
and a singre television camera in cooperation with a 
single receiver provides a wide-angle image that readily 

5 lends itself to simuIation of relative satellite movement. 
In the practice of the invention, there is provided image 

transmission means comprising a radial array of discrete 
photo-sensitive signalling means arranged for relative ro- 
tation relative to an optical field of view for scanning 

10 the same. There is further provided a like number of 
discrete Iight valve means as the number of photo- 
sensitive means, and arranged in a second radial array 
for cooperation with a projection light source for modula- 
tion of discrete portions of the light beam projected 

15 therefrom in response to modulation signals from the 
photo-sensitive signalling means. Such second radial array 
is further arranged for rotation in synchronism with the 
rotation of the signalling array. 

In normal operation of the above described arrange- 
20 ment, discrete elements of a radial line is a field of view 

are viewed or sensed by the disecrete photo-sensitive 
elements, which send corresponding electrim1 signa$ to 
corresponding light valves in the array of fight valves, 
whereby the projection. Eght beam is moddated to pro- 

25 ject a radial image corresponding to that sensed radial 
portion of the field of view. rotating the photo-sensf- 
tive and light valve radial arrays in synchronism, a 
circular scan is effected which, if con&cte& at a speed or  
frequency greater than that corresponding to the per- 

30 sistance-of-vision phenomena of the fiuman eye, results in 
a transmission and projection of the entire image en- 
compassed by such circularly scanned field of view. An 
orientable single wide-angle optical system may be em- 
ployed at both the viewing end and projection end of the 

35 image transmission system for reproducing an image 
representing a wide-angle field of view. Hence, it is an 
objeet of the invention to provide improved image trans- 
mission means. 

It is another object of the invention to provide im- 

It is yet another object of the invention to provide 
wide-angle image transmission means employing a single 
viewing optical' system and a single, projection opticd 
system. 

It is sal another object of' the hvention to provide '' efficient and easilx orientable me- for simulahg a 
field of view. 

It is a further object of the invention to provide wide 
view angle simulation means for projecting an image 

It is a further object of the invention to provide efficient 
image transmission means for scanning discrete portions 
of a field Qf view concomkantly. 

It is still a further object of the invention to provide 
55 eIectronic image transmission means having improved 

reliability. 
These and further objects will become apparent from 

the following description taken together with the accom- 
pany drawings in which: 

FIG. 1 is a simplified schematic arrangement of ap  
paratus utilizing the scanning. concept of the subject in- 
vention; 

FIG. 2 is a block diagram of a system embodying the 
concepts of the invention; 
FIG. 3 is a preferred embodiment of the image trans- 

mission, or camera, device of FIG. 2; and' 
FIG. 4 is a preferred embodiment o€ the receiver or 

projection device of FIG. 2. 
In the figmes, like reference characters refer to like 

Referring now to FIG. 1, there is illustrated in sche- 
ma& form an arrangement embodying the scanning 

40 proved wide-angle image transmission means. 

5o which is readily translatable and angdarly orientable. 

70 parts, 
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concept of the subject invention. There is provided a 
radial array 10 of a plurality of discrete photo-electric 
signalling elements 11, extending across an intended field 
of view of an illuminated image. The illuminated image in 
such field of view is depicted in FIG. 1 as comprising two 
mutually-spaced characters or black dots A and B, both 
lying in a common image plane 12 parallel to radial array 

, each lying under a mutually exclusive one of the 
otoelectric signalling elements 11a and llj,  located 

at either extremity of array 10. Radial array 10 is fur- 
about an axial line 13 relative 

ry driving means 14. 
1, the array of photo-electric 
provide a plurality of separate 

electric signals Corresponding to the discrete portions of 
the illuminated field of view under the surveillance of 
such photo electric signalling elements, the signals from 
elements I la  and l l j  being characterized by the charac- 
terizing darkness of the discrete dots A and B against the 
otherwise bright background of the field of view pro- 
vided by image plane 12. 

There is further provided, in FIGURE 1, image pro- 
jection means comprising a projection light source 15 
for illuminating a projection screen 16. Interposed be- 
tween source l§ and screen 16 is an opaque disc 17 
pierced by a radial array 18 of discrete light valve ele- 
ments 19 for controlling the illumination falling upon 
screen 16 from source 15, the light valve elements 19 
being of a l i e  number as the number of photo electric 
elements 11. 

As shown in FIGURE 1, second, or light valve pro- 
jection, array 18 has an angular orientation relative to 
screen 16 corresponding to the orientation of first or 
photo electric sensing array 10. 

Each of the discrete light valve elements 19 of the 
second array 18 is responsively coupled in circuit to a 
corresponding one of the photoelectric signalling elements 
11 of the first array 10 by means of a multiple conductor 
cable 20 (the detail interconnections of which are not 
shown). Hence, the sensors 11 provide electric signals 
to the radial array of light valves 19 corresponding to the 
discrete elements of a radial field of view sensed by 
radial array 10. For example, signalling elements I la  
and 11j provide low level signals to a respective one of 
light valve elements 19a and 19j. Such signals levels cor- 
respond to the dark discrete image portions A and B 
on viewing plan 12 and result in the modulation of the 
light projected through elements 19a and 19j whereby 
two discrete image portions A' and B' are projected onto 
screen 16 and corresponding to viewed portions A and B 
of screen 12. Higher signal levels from the remaining 
sensor elements of array 10 are provided to corresponding 
ones of the remaining elements of light-modulating array 
18, resulting in the projection of a correspondingly larg- 
er light level through such discrete light-modulating ele- 
ments onto screen 16. 

Disc 17, upon which array 18 is mounted is further 
arranged for rotation about an axial line 21 and driving 
coupled to rotary driving means 14, whereby second array 
18 may be rotated in synchronism with first ,array 10. As 
radial array 10 is driven about axis 13 by drive means 14, 
it is clear that each of the discrete photo electric sig- 
nalling elements 11 will scan a mutually concenrtic cir- 
cular scanning path, whereby a plurality of mutually con- 
centric discrete poaions of the image plane 12 are 
scanned concomitantly, a solid view angle or circular 
field of view being scanned once each one-half scanning 
revolution. The sensed radial image for each angular 
position of array 10 is projected as a corresponding 
radial image at a corresponding angular orientation by 
synchronously-rotated light-modulating array 18. where 
arrays 18 and 88 are synchronously rotated at a pre- 
selected speed of, say 3600 r.p.m., the field of view is 
scanned at twice such speed or 7200 r.p:m. Because such 
preselected speed represents a frequency greater thw 

4 
that associated with the period of persistance-of-vision 
phenomena of the human eye, the projected image aP- 
pears not as a single radial line, but as the entire image 
so scanned. 

Although the scanning arrangement of FIGURE 1 
has been described in terms of rotating the arrays 10 
and 18, such aspect of the invention is not so limited, it 
being necessary only that relative scanning motion of 
each array occur relative to an associated one of optical 

. A disadvantage of attempting to rotate 
the electrically interconnected arrays BO and 1.8 is the 
necessity of a slip-ring assembly for each, in order to 
avoid fouling, or entaglement, of the cable 20. A preferred 
and more convenient arrangement is the use of a sta- 

15 tionary array in cooperation with scanning optics, as 
shown in FIGURES 2,3, and 4. 

Referring now to FIGURE 2, there is illustrated in 
block diagram form a system embodying the concepts 
of the invention. There is provided image transmission 

20 means 23 and image projection means 24 responsively 
coupled to transmission means 23. Image transmission 
means 23 is comprised of a translationally-orientable, 
rotationaly-scanning optical system 25 for providing a 
selected field of view which is made to rotate about an 

25 optical axis. Such optics are preferably translationally 
orientably in a plane parallel to the viewing plane in order 
to effect perturbations in a simulated viewing position 
of latitude and longitude, and are further translatable 
in a direction normal to the viewing plane (e.g., along 

30 the optical axis of the field of view) in order to simulate 
changes in the altitude of an observer. 

A radial array of discrete image portions, correspond- 
ing to that image portion along a selected radial strip 
of the field of view, is provided in FIGURE 2 by a 

35 fiber optic bundle 26, the elements of which are arranged 
in a planar array, parallel to and containing the rotatable 
optical axis of optical system 25, and the illuminated 
ends of which elements lie within the image focal plane 
of optical ssytem 25. The purpose of fiber optic bundle 

40 26 is to provide excitation of a plurality of photo- 
sensitive electrical signalling element comprising elec- 
tronic image signalling means 27, each element thereof 
cooperating with a preselected one of fiber optic elements 
26 to provide an electrical signal corresponding to a 

45 discrete portion of a sensed field of view. Such electrical 
signals are then separately transmitted by means of a 
multi-conductor cable 20 to a selected one of a plurality 
of discrete light-valve elements comprising electronically 
responsive light modulation means 28 of projection 

The elements of modulation means 28 are arranged 
to cooperate with a projection light source to provide 
a radial strip of separately-modulated discrete light rays. 
Such discrete light rays are conducted by means of a 

55 second fiber optic bundle 29 similar to first fiber optic 
bundle 26 of image transmission means 23. The purpose 
of such second fiber optic bundle is to conduct the dis- 
crete elements of the discretely modulated radial light 
strip to the focal plane of an angularly-orientable rotat- 

60 ably scanning optic system 30, an optical axis of which 
intersects such light strip in such focal plane. 

The rotatably scanned optics 25 and 30 are commonly 
responsive to driving means 14, wherelby the receiving 
optics 30 are driven in synchronism with the transmitter 

65 scanning optics 25 to provide the projection of an elec- 
trically transmitted image, as was explained in connec- 
tion with the description of FIGURE 1. 

Receiver optics 30 are preferably angularly orientata- 
Me for the purpose of simulating the effects of changes in 

70 the attitude or angular orientation of a viewer's vehicle 
such as an astronaut's satellite vehicle. Hence, the simula- 
tion system of FIGURE 2 provides means for simulating 
a viewed image from a selected position or combina- 
tion of altitude or perturbed latitude and longitude and 

5o means 24. 

75 at a selectsd attitude or angular srientatiqn, 
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A preferred means for co eniently effecting rotational projection system, as sho more particularly in FIG- 
scanning of the fields of view relative to the transmis- URE 4. 
sion and projection electronics of the system in FIGURE Referring to FIGURE 4, there is illustrated a preferred 
2 is by means of rotating prisms, as shown more par- arrangement of the projection apparatus of FIGURE 2. 
ticularly in FIGURES 3 and 4. There is provided a high-intensity projector 15, compris- 

Referring to FIGURE 3, there is illustrated a preferred ing a xenon lamp, for example, for providing sufficient il- 
arrangement of the camera or image transmission means Iumination of a wide-angle (hemispherical) projection 
of FIGURE 2. Such camera may be made to translation- screen 38 after attenuation and magnification by the pro- 
ally move in three mutually orthogonal directions to jection optics. The light from such projection light source 
simulate changes in latitude, longitude and altitude by 10 is condensed and collimated by a lens system 43 provided 
mounting the camera on three mutually perpendicular for such purposes, and then directed at a radial array of 
slides, and making it to move therealong by means of light modulation means 89 such as Kerr cells by means of 
servo-driven lead screws (not shown), as is well under- heat transmission mirrors 40u and 4% Cooperating 
stood in the art. There is provided a wide-angle lens each Of mirrors 4@u and 40b is a heat sink 4Ba and 
system comprising a 180” objective lens 31 and a con- 15 for control and removal of the large amount of heat as- 
densing lens 32 for providing a demagnified image of an sociated with the generation of such high-intensity light 
illuminated wide angle view, and a servo driven focusing energy. The illumination projector may further include a 
lens 33 for automatically refocusing the system in re- blower fan 42, or the like for ventilating and cooling the 
sponse to changes in the distance of the assembly 23 projector. 
from viewed objects (corresponding to changes in simu- 20 Each of the Kerr cells 89 is responsively connected to a 
lated altitude). The cooperation of focusing lens 33 and corresponding one of the amplifiers 35 by means of multi- 
such a servo system is well understood to those skilled wnductor cable 20, and is oriented so that the optical axis 
in the art and therefore the construction and arrange- thereof is parallel to the collimated beam of light from the 
ment of such servo system is not shown. The focal plane projection light source. 
of the optical system is thus maintained by the focusing 25 As is well understood in the art, the Kerr cell employs 
lens 33 coincident with and containing that edge of a the principle of double: refraction of polarized light, ob- 
fiber optic bundle 26 defining a fiber optic plane, as ex- served in certain liquids such as nitrobenzene. Thus, if a 
plained in connection with FIGURE 2. beam of light is polarized and passed into a cell filled with 

Discrete portions of the radial strip field of view pro- nitrobenzene in the presence of an electrostatic field, the 
vided by the elements of fiber optic bundle 26 are con- 30 polarized light beam will be rotated through an angle that 
ducted thereby to separate ones of a plurality ofphoto varies as a function of the strength of the electrostatic 
diodes 11, for generating a plurality of electric signals fie& Such a cell may be constructed, for example, of an 
corresponding to the degrees of image brightness of such OPticallY tranSpWent, electrostatic material such as quartz 
discrete portions of the radial strip field of view. In a filled With nitrobenzene, with one of a pair of electrostatic 
practical design, a final focusing element may be in- 35 Plates On either of two opposing sides of the cell (parallel 
cluded between each photo diode and an associated por- to an intended Optical axis), and with a Pair of light Polar- 
tion of the fiber optic bundle. Further, an electronic izers at the two Opposing ends Of the optical axis, the 
signal amplifying stage 35 may be included between the Polarization Planes of the two mutually parallel polarizers 
output of each diode 11 and the associated conductors being oriented mutually in space quadrature or rotated 
of cable 20. Although such amplifiers could be located 40 at 
alternatively at the receiver or projector end of cable 20, In normal operation of such Kern cell arrangement, 
it may be preferable to locate them at the input end of when the optical axis thereof is interposed in the path of 
cable 20, as shown in FIGURE 3, in order to avoid the a beam of light, light impinging upon a first one of the 
amplification of noise and stray signals picked up by polarizers does not emerge from the Kerr cell (in the 
cable 20. If desired, of course, line drive amplifiers may absence of an applied electrostatic field), because the 
be employed at both ends of cable 20. 45 plane of polarization of such subsequently polarized light 

In the arrangement of FIGURE 3, neither the viewed is at right angles to the second polarizer. Upon the ap- 
object nor the photo-sensitive electronics are rotated in Plication Of an electrostatic field across the plates of the 
order to effect scanning. Instead, the optical image pro- cell, the Plane Of polarization of such polarized light is 
vided by the viewing optics at the fiber optic plane is 50 rotated by an amount determined by the of such 
made to rotate about the optical axis relative to the fiber field, and an attenuated portion of such light is transmitted 
optic bundle by means of a scanning pechan prism 36 therethrough, the attenuation being a function of the angu- 
interposed betwen focusing lens 33 and the fiber optic lar difference between the respective polarization planes of 
plane, and is driven by a synchronous motor 37. BY Such P l a k e d  light and the second polarizing element. 
means of such an arrangement, successive radial strip 55 a mdulated light beam is provided, the brightness 
portions of the &magnified field of view are rotated past Of is made to VaV with Variations in the strength 
the radial strip optics of the fiber optic plane, whereby Of an applied eleCtrOStatic field. A more complete descrip 
scanning of the field of view is effected by photo diodes Of the arrangement and CWPeratiOn Of a Kerr Cell 
1%. The arrangement and cooperation of a scanning or may be found in an article “Theory and Technique of 
Pechan prism to effect rotation of a field of view about 60 Kerf Cells” *by F. G. Dunnington, at page 1506 of vol. 
an optical axis is well understood in the art, being ex- 28 ‘of the 1931 edition of Physical Review, published by 
plained for example at pp. 13-36 of that VOlUMe af the the American Institute Of Physics. 
military standardization handbook series entitled “Optical Accordingly, it is understood that the array of Kerr 
Design” and MIL-HDBK-141, Oct. 9, 1962, l9 (af FIGURE 4) Provides a radial Strip pattern 
published by the Defense Supply Agency of fie U.S. 65 of modulated light, discrete radial portions of such pattern 
Department of Defense, Washington 25, D.C. comprising modulated discrete light rays. Such discrete 

The image resolution thus provided by the scanning light rays are conducted in such radial line pattern by 
system of FIGURE 3 is limited only by the number of bundle to the focal plane of a 
photo sensitive diodes (and associated amplifiers 35) em- Projection optics SYStCm, such conducted radial line pat- 
ployed, corresponding to the number of discrete elements 70 tern 1 Y k  within such focal plane. 
of the radial strip thus sensed. Further, the reliability of The discretely modulated radial light strip is projected 
the scanning system is substantially enhanced, as will be t€mrrgh the projection optics comprisidg a 180” or wide 
more fully explained hereinafter. angle projection lens 45 onto screen 38 to provide a 

A projector scanning arrangement similar to that in radial strip image corresponding to that viewed by the 
the transmitter scanner of FIGURE 3 is employed in the 75 photodiode array of FIGURE 3. Interposed between the 

to eachother. 

Of a fiber Optic 
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fiber optic bundle 44 and the hemispherical projection 
lens 45 is a scanning prism system 46 such as a Schmidt- 
Pechan prism, driven by driver means 47 for rotating the 
radial projection image in synchronism with the scanning 
optics of the camera arrangement of FIGURE 3. Such 
synchronous rotation may be effected by employing syn- 
chronous electric motors commonly connected to a single 
common source of polyphase electric power for both the 
drive means 37 and 47 (of FIGURES 3 and 4, respec- 
tively). In this way, the projector reproduces the mutually 
concentric scan lines of the scanned image transmitted by 
the arrangement of FIGURE 3. The wide angle projec- 
tion lens system of FIGURE 4, being similar to the 
camera lens system of FIGURE 3 will remove from the 
projected image those radial distortions introduced iby the 
camera lens. 

There is further provided in FIGURE 4 a right angle 
prism arrangement comprising a first and second right 
angle prism 48 and 49 respectively for laterally translating 
the optical axis 50 of projection lens 45 from that of scan- 
ning prism 46. Rotation of the projected image (or simu- 
lated roll motion) is achieved by rotating the first and 
second right angle prisms 48 and 49, and hemispherical 
lens 45 all as a single unit of the first prism 48 as a roll 
axis. Simulated pitching motion or rotation of the projec- 
tion optical axis 50 of hemispherical lens 45 is achieved 
by rotation of lens 45 and second prism 49 about an o p  
tical axis of prism 48 perpendicular to the projection op- 
tical axis 58. Such optical pitch and roll motions may be 
produced by rotational-driving servo means (not shown). 

The above described arrangement for effecting pitch 
and roll image motion allows the design of a projector 
having an optic center then can be placed very close 
to the head of an observer or astronaut-to-be-trained, 
thereby reducing the adverse effects of projector angle 
parallax in the projected picture. However, as is well 
understood in the art, such angular motion of the right 
angle prisms 48 and 49 also produces associated unwant- 
ed component angular motions of the projected image 
relative to the projector optical axis. Such unwanted 
angular motion may be prevented by coupling the prism 
motion through a mechanical differential mechanism 52 
interposed between the scanning optics 46 and the scan 
drive motor 47. The selected gear motion of a rotating 
prism relative to a rotated right angle prism in order to 
prevent unwanted angular motion or “falling” of the ro- 
tating image is well-understood in the optical art, as is 
indicated for example at pages 83-87 of vol. I of the 
Ordnance Corps Manual entitled “Design of Fire Control 
Optics” and designated ORDM 2-1, August 1952, pub- 
lished by the Ordnance Corps of the United States Army, 
Washington 25, D.C. One additional digerential input is 
included in differential mechanism 52 (of FIGURE 4) 
and may be servo-driven as a function of a desired head- 
ing angle in order to simulate aircraft heading. 

Accordingly, low inertia means are provided for effi- 
ciently and effectively simulating high rates of roll, pitch 
and heading. Also, by means of the above described ar- 
rangement, angular and translational motion of a viewed 
image may be simulated. Further, such orientable image 
transmission and projection apparatus includes means for 
scanning a plurality of image scan lines concurrently rather 
than sequentially. Hence, the resultant image resolution 
and scanning speed are mutually independent, the image 
resolution being determined only by the number of discrete 
elements in the radial scanning arrays. Moreover, because 
the plurality of scan lines are scanned concomitantly by 
separate ones of a plurality of signalling channels, the reli- 
ability of the signalling system is substantially greater than 
that of the prior art method of single channel means 
for sequentially scanning a plurality of scan lines. In other 
words, the failure of a given one of the plurality of sig- 
nalling channels of the subject invention only serves to 
reduce the image resolution in the corresponding portion 
of the scanned image, rather than resulting in a total 

loss, of the image scanning function for the entire image. 
Therefore, improved image transmission and projection 
means have been described. 

Although the invention has been illustrated and de- 
scribed in detail, it is to be clearly understood that the 
same is by way of illustration and example only and is not 
to be taken by way of limitation, the spirit and scope of 
this invention being limited only by the terms of the ap- 
pended claims. 

What is claimed is: 
8. Image transmission nad projection means compris- 

means for concomitantly scanning a plurality of mutual- 
ly concentric scan line defining an image field-to-be- 
transmitted for providing a like plurality of scan line 
signals; 

ing: 

15 

a fixed surface for projecting an image thereon; 
projection means including scanning means responsive 

to said scan line signals for concomitantly projecting 
on said surface a like plurality of mutually concentric 
scanned projection lines as said scanned image lines, 
said projection means defining an optical axis, fixedly 
positoned with respect to said surface, and including 
first and second right angle lenses and a single pro- 
jection lens, said first right angle lens being disposed 
on said optical axis and said second right angle lens 
and said projection lens being disposed on an adja- 
cent axis, parallel said otpical axis; and 

means responsive to image orientation control signals 
for controlling the positions of at least said second 
right angle lens and said projection lens with respect 
to said optical axis, said projection means to control 
the loctaions at which said mutually concentric 
scanned projection lines are projected on said sur- 

2. Wide angle image transmission and projection means 

a single objective lens system for providing a transla- 
tionally orientable field of view having a view angle 

first means including a fist scanning prism in coopera- 
tion with said lens system for providing a rotating 
field of view having a reduced view angle; 

a plurality of mutually parallel fiber optic elements in 
a radial array across said rotating field of view; 

a like plurality of photo-sensitive diodes as said fiber 
optic elements, each said diode arranged to be re- 
sponsive to a mutually exclusive one of said fiber optic 
elements for providing an electrical output signal; 

a like plurality of discrete Kerr cells as said photo- 
diodes arranged in a radial array for modulating a 
source of projection light, each cell being responsive 
to the electrical output signal from a mutually ex- 
clusive one of said photo-sensitive diodes for modu- 
lating a discrete portion of said prejection light; 

second means including a second scanning prism for 
scanning said radial pattern of discrete modulated 
projection light about a fixed optical axis of said pro- 
jection field in synchronism with said rotating field 
of view, the rotational speed having in excess of that 
frequency corresponding to the image- persistence 
of human vision: 

a surface, fixedly positioned with respect to said optical 
axis for projecting an image thereon; 

a projection lens system for projecting on said surface 
the modulated projection light in an orientable 
projection field of about 180”, said projection lens 
system including first and second right angle lenses 
on a common axis perpendicular said optical axis and 
a single projection lens, said first right angle lens 
being disposed on said optical axis and said second 
right angle lens and said projection lens being dis- 
posed on an adjacent axis, parallel said optical axis; 
and 

control means for sdectively controlling the positions 

20 

25 

30 

35 face. 

comprising: 

40 of substantially 180”; 
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of said first and second right angle lenses and said 
projection lens with respect to said optical axis, to 
control the orientation of said projected image on 
said surface about an axis extending through the sur- 
face center which is parallel to said optical axis. 

3. The image transmission and projection means as re- 
cited in claim 2 wherein said control means control the 
relative linear motion of said field of view in a direction 
perpendicular to said optical axis. 

4. Electro-optical image transmission and projection 
means comprising: 

means for rotating an optical field of view about an opti- 
cal axis thereof; 

a plurality of mutually parallel fiber-optic elements in 
a linear array extending radially across said rotating 
field of view, an optically sensitive end of said array 
being responsive to said field of view; 

a like number of photo-sensitive electronic signalling 
channels as said fiber-optic elements, a mutually 
exclusive one of said signalling channels being re- 
sponsive to a mutually exclusive one of said ele- 
ments of said arrays; 

a like number of electronic light valve means as said 
electronic signalling channels, arranged in a radial 
linear array for cooperation with a projection light 
source for providing a radial pattern of discrete 
modulated rays of projected light; 

a fixedly positioned image projection screen; 
means for rotating said radial pattern of discretely 

modulated rays of projected light relative to said 
image projection screen about a selected optical axis 
in synchronism with the rotation of said rotating field 
of view, said optical axis being fixed with respect to 
said screen; 

lens means, disposed between said means for rotat- 
ing said screen said lens means including first and 
second right angle lenses on a common axis perpen- 
dicular to said optical axis and a single projection lens, 
said first right angle lens being disposed on said 
optical axis and said second right angle lens and 

5 
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1 
means control at least the relative orientations of said 
second right angle prism and said projection lens 
with respect to said optical axis. 

5. The transmission and projection means as recited in 
claim 4 wherein said control means include means to 
control at least the roll and pitch of said projected image 
on said projection screen with respect to an axis defined 
by the center of said screen. 

6. The transmission and projection means as recited 
in claim 4 wherein each of said electronic light valves is 
a Kerr cell responsive to the output of a different one of 
said photo-sensitive electronic signalling channels to pro- 
vide a discrete modulated ray of projected light. 

7. The transmission and projection means as recited 
in claim 4 wherein said control means include means to 
control at least the roll and pitch of said projected image 
on said projection screen with respect to an axis defined 
by the center of said screen, the roll being controlled by 
controlling the orientations of said first and second right 
angle lenses and said projection lens with respect to said 
optical axis, and the pitch being controlled by controlling 
the orientations of said second right angle lens and said 
projection lens about an axis extending through said first 
right angle lens, perpendicular to said optical axis. 
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s&d projection lens being disposed on-an adjacent 
axis, parallel said optical axis; and 

control means responsive to control signals for provid- 
ing rotational motion to said means for rotating 
and to said lens means to simulate a movable pro- 45 178-7.1, 7.3, 7.6; 250-234, 235, 286 
jected image on said projection screen, said control 
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